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LTBP Program - Qualit_yzlznformation

LTBP — A 20-year research program to collect & synthesize new
and existing data to create new knowledge and tools for improving
bridge performance

v" Scientific Measured
Data

Improved

v’ Legacy Data Knowledge ™
Performance

v" Other Data Sources

Heuristics
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LTBP — Key Features, Activities & Products

« LTBP Roadmap

 Definition of Bridge Performance

* ldentification of High Priority Performance Issues
- Data Infrastructure — The Bridge Portal

* Protocols for Data Sampling and Collection, and

Quality Assurance
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Step 4

" Design the Experimental Program

| ‘Step 5 Program Outcome

Step 2 " Data Collection

Data to be Collected

Step 7

Diszemination of Findings

Step 6

Data Analysis & Modeling |

LTBP Road Map
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LTBP Study Topics

Category
Decks

Decks
Joints

Steel Bridges

Concrete
Bridges

New Bridges

Concrete
Bridges

Bearings
Decks

Joints

Long-Term
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Program

Issue

Performance of Untreated Concrete Bridge Decks
Performance of Bridge Deck Treatments

Performance, Maintenance and Repair of Bridge Deck Joints

Performance of Coatings for Steel Superstructure Elements
Performance of Bare/Coated Concrete Super- and Sub-
structures

Performance of Innovative Bridge Designs and Materials

Performance of Embedded Prestressing Wires and Tendons

Performance of Bridge Bearings
Performance of Precast Reinforced Concrete Deck Systems

Performance of Jointless Structures

Rating Rank
5.6 1
5.6 2
5.3 3
4.5 4
4.5 5
4.4 6
4.3 7
4.1 8
4.0 9
4.0 10



LTBP Study Topics (cont’ d)

a

Category Issue

Decks Performance of Alternative Reinforcing Steels
Foundations Direct, Reliable, Timely Methods to Measure Scour

Steel Bridges Performance of Weathering Steels

Decks Influence of Cracking on the Serviceability of HPC Decks
Risk Risk and Reliability Evaluation for Structural Safety Performance
Foundations Performance of Scour Countermeasures

Concrete Performance of Prestressed Concrete Girders

Bridges

Foundations Unknown Foundation Types

Foundations Performance of Structure Foundation Types

Functional Criteria for Classification of Functional Performance

Substructure Performance and Durability of MSE Walls
Substructure Approach to abutment interaction and settlement

Long-Term

Bridge Performance
Program

Rating Rank
3.9 11
3.5 12
3.5 13
3.4 14
3.3 15
3.3 16
3.3 17
3.1 18
3.0 19
2.3 20



Data Infrastructure

Legacy Databases

Al
/\\_’/

Data Management System

LTBP Program Data
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Inspection protocols
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LTBP — Key Features, Activities & Products

Pilot Bridge Phase
Bridge Sampling (quantity, type, location, etc)

Synthesis of Bridge Monitoring and Bridge Autopsy
Methods

Communication & Marketing Plan and Products
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Simple span steel
stringer

S

2-span prestressed post-tensioned Two simple spans of
continuous CIP box girder adjacent concrete box
e s

Precast, segmental post-

: tensioned concrete box beams
Simple span pre-

stressed

concrete stringer




Crteia______[VA_____[UT____JCA ___INJ NN ____INY___|FL___

Structure Type

Year Built

Deck Type

Annual Average
Daily Traffic

Percent Truck
Traffic

Miscellaneous

Continuous
built-up steel
girder

1979

Bare CIP
Concrete

16,500

6%

Single span
AASHTO
beams

1976

CIP with
membrane
and asphalt
overlay

22,250

29%

Integral
Abutment
and Weigh
Station

* Overlay placed in September 2010

Post-
tensioned
CIP Box
Girder

1976
CIP with
thin

polymer
overlay

24,500

21%

8° Skew

Simple span
steel girder
bridge

1969

CIP deck
with SIP
forms*

24,970

14%

WIM and
Weather
station

Steel deck

truss

1948

Bare CIP
Concrete

2,050

8%

Historic
Structure

Concrete
adjacent
box
girders

1990

Bare CIP
concrete

8,700

8%

24° Skew

Segmental
Post-
Tensioned
Box

1997

Precast
Panels

11,000

4%

Post-
Tensioned
Piers



Segmental Inspection Method (BDS)

e Structure is broken down into small “segments”
* Resolution can be <1% of structure for multi-girder system

- Allows defects to be accurately located
 Deterioration effect on load capacity can be determined
 Findings can be layered with results from other methods
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LTBP Pilot Study - Objectives

« Data collection protocols

« Coordination and cooperation

* Interface w/ database & database structure

» Test and validate QA/QC measures for data transfer and storage

* Collect early for the program
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Objectives of Pilot Phase Testing

- To demonstrate the ability of nondestructive evaluation
(NDE) technologies and physical testing for
In bridge decks,
In a consistent and reproducible manner.

» To examine the use of NDE and physical testing data in
providing an
and, thus, an objective assessment of changes
with time.
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Delamination Comparison 9/2009 and 8/2011

Lateral Distance (ft)

Lateral Distance (&)
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Impact Echo Condition Map

2009 Testing
120 130 160 170 180 190 200 210 220 230 240 250 260 270 280
ﬁ }\ 4 f = e

Longitudinal Distance (ft)

Sound Fair Poor Serious

2011 Testing

230 240 280 260 270
S = s

Sound Fair Paor Serious
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Electrical Resistivity Comparison 9/2009 and 8/2011

Electrical resistivity (kohm*cm) 2009 Testing

0 10 30 4{5 50 €0 70 80 90 100 110 120 130 140 150 1160 170 180 190 200 210 220 2300 240 250 260 2?'1} 280

Lateral Distance (ft)

Longitudinal Distance (ft)

Decreasing Comosion Rate indication

U—

2 = 25 2011 Testing

L 10 20 30 40 50 60 7TFO 80 S50 100 110 120 130 140 150 160 170 180 190 200 EID 220 EEI-EI 240 250 260 270 280

Lateral Distance (ft)

Longitudinal Distance (ft)

Decreasing Comosion Rate indication

—

EpeE = B

5 15 25 35 45 55 65 75 85 95




=T

Pilot Study Results - Conclusions

set of tools and monitoring methods
provides a significantly more complete
condition assessment of decks.

. measurements minimize
Inspection subjectivity and enable objective
rating of bridges.

- Well defined protocols and conventions,
supported by quality control tools, are
needed to ensure and
of data collected.
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Reference Bridge

Impact Echo
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Vlsual Inspectlon e whe e M Target Technology
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TRB Ad;/isory Board Roster

States

* Ananth Prasad, Chairman,
« Malcolm Kerley, Vice Chairman,
« Scott Christie,

* Bruce Johnson,

- Jagesh Kapur,

* Richard Land,

« Sandra Larson,
Universities

 John Breen,

* Andrzej Nowak,
Consulting

- Harry Capers,

« Gene Corley,

« Karl Frank,

* John Kulicki,

' Long-Term .
ﬁ“ Bridge Performante  KKenneth Price,

Program




Roster (continued)

Liaisons

 Susan Lane,

*  William McEleney,
* Kelley Rehm,
 Ted Scott,

FHWA

« Hamid Ghasemi,

* Firas Sheikh Ibrahim,
TRB

« Stephen Godwin,

« Waseem Dekelbab,
 Robert Raab,

* Claudia Sauls,

Long-Term
Bridge Performance
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LTBP State Coordinators Committee

* One DOT designated Coordinator per State

* One or two meetings per year
« Review/critique program activities
* Input on current and possible future studies

» Coordination of pool fund studies
* One or more webinars per year
* Travel funded by FHWA
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Most Common Forms of:éterioration, Damage

or Functional Issues*

a

Decks (cracking, spalling, corrosion, delamination,
corrosion, rutting, poor aggregates, freeze-thaw)

Deck joints (secondary issues — bearing, girder end, and
substructure corrosion

Structural steel paint
Substructure corrosion and scour, and timber decay

Steel fatigue, bearing failure, p/s strand corrosion, deck drains,
membrane leakage, grout key leakage

Long-Term
ridge Performance

Brid
dMPRIORITY ORDER



Desired Outcomes of LTBP

« Best practices
* Modeling

* Quantify impacts of specific repair and preservation actions on
service life

» Estimating the time period for needing routine preservation
actions

* Process for sharing data nationally
« Benefits of maintenance and preservation actions

» Relating impacts of damage and deterioration to overall system
response or stiffness

' Long-Term
Bridge Performance
Program




Questions

’ Long-Term
Bridge Performance
Program



Long-Term

Bridge Performance
Program

DECK ; Element : SB_CAN

Missipn  Valldation Opbions  Photoscan  Display | Hide Toolbar Phot

‘B EA

SECTION LOOKING NORTH

a

b £ 5 Glngier
1 — Shoider i

]

A5 | B

g
o

™
e 1
o 1
Oy u R ¥
L e Sob = Froim = Corwes .

[ s :
J-':“ L Fim - .-_l'.l._. w | Biia "'.1'-.3_ EI:‘ 3 _;-i
] i ) _-'.' H
ﬁ E H -.j! {.-.__ I z3l 5 e CANTLEVE . Al

| Loyt eion

EHdl.-igalz:n E; Defads E Sheets  $b " bt ] sertuinn [ Jowiac Arrinsnn




Task 1.8: Communication & Marketing Plan and
Products — Activities

- LTBP website at DOTs, academia and/or industry

http://www.tfhrc.gov/Itbp
* Quarterly Newsletters

* Tech Briefs

* 6 to 8 page documents on LTBP topics
« Available on LTBP website

* Annual %2 day workshop at TRB — next on January 26, 2012

» Papers, presentations, and/or exhibit booths at engineering
conferences

 Webinars
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Bridge Deck Deterioration

Corrosion Delamination Concrete Degradation
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Bridge Deck Condition Assessment

A BRIDGE DECK CONDITION
REBAR CORROSION

SPALLING

S I T

HALF-CELL POTEN
GPR
IMPACT ECHO

HAMMER SOUNDING/CHAIN DRAG
VISUAL INSPECTION

W b N TIME
I -

Program
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Corrosion Testing and Physical Sampling

* Reinforcement Steel Continuity

« Concrete Resistivity — 2-point and 4-point

« Electrical Potential - Half-cells

* Rate - Linear polarization and Electrochemical Impedance Spectroscopy

* Chloride concentration — powdered concrete profiles

« Cores to determine:
* Visual - inspection of concrete and reinforcement
« Gravimetric - Unit weight, absorption and moisture content
« Permeability - Electrical “Rapid Chloride Permeability” Test
« pH and Carbonation
« Concrete elastic moduli - Static and dynamic modulus
« Compressive and tensile strength

Long-Term
Bridge Performance
Program
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Condition Assessment of Deck

Half-Cell Corrosion Potential (mV)
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Lateral Distance (ft)
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Condition Assessment of Deck
Depth-Corrected GPR Condition Map
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Lateral Distance (ft)
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Condition Assessment of Deck
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Lateral Distance (ft)
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Condition Assessment of Deck

USW Obtained Concrete Modulus (ksi)
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Segmentation and Condition Rating

Rating with Respect to Delamination (IE)

i

Transverse Distance (ft)
N
o

10
0 473 947 142 189 237 284
Longitudinal Distance (ft) Delamination rating = (Serious
Overall = 70 area*0 + Fair/Poor area*50 +
_ _ Sound area*100) / Total area
— (_) _ 25 50 _ 75 i
= Rating with Respect to Active Corrosion (HC)
ESO-— TN, -
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Comparison of Pilot Phase Bridges Through
Condition Rating

VA NJ CA NY MN
Active 39.4 79.4 100 8.4 26.2
Corrosion
Delamination | 2 82.0 72.0 657 | 775
Assessment
Concrete 48.1 67.5 72.2 54.2 58.3
Degradation
Combined | &5 ¢ 76.3 81.4 427 | 540
Rating
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Delamination Comparison 9/2009 and 8/2011

Lateral Distance (ft)

Lateral Distance (&)
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Impact Echo Condition Map

2009 Testing
120 130 160 170 180 190 200 210 220 230 240 250 260 270 280
ﬁ }\ 4 f = e

Longitudinal Distance (ft)

Sound Fair Poor Serious

2011 Testing

230 240 280 260 270
S = s

Sound Fair Paor Serious




the Virginia Bridge

2009 2011

Active Corrosion 39.4 28.1
Delamination Assessment 70.0 57.2
Concrete Degradation 48.1 35.3
Combined Rating 52.5 40.2
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Halfcell Potential in 2009 (V CSE)
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Change in Corrosion Potential over Time
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GPR Condition Assessment Comparison 9/09 and 8/11

Depth-Corrected GPR Condition Map
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Delamination Comparison 9/2009 and 8/2011
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Lateral Distance (&)
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Impact Echo Condition Map
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Federal Highway Administration
Long-Term Bridge Performance Program

Pilot Phase —
Live Load & Dynamic Testing

Tommy Cousins, Virginia Tech

Carin Roberts-\Wollmann, Virginia Tech
Marv Halling, Utah State University

Paul Barr, Utah State University

Long-Term
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Program



Objectives

» To establish baseline bridge condition
* To develop live load and dynamic testing protocols

» To utilize dynamic and live load testing results to evaluate
bearing conditions of the pilot bridges

* To use dynamic and live load testing results to refine finite
element models of each bridge

* To investigate dynamic methods resulting in minimal traffic
Interruption or service disruption.
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Virginia Bridge

Finite Element Modeling

\ Guardrail

I
i .)\\ﬁseam Element)

- Refined Model Includes L“\*W _____ ;ﬁ et ey
Haunched/tapered S
Girders, Bracing, x()
Concrete Deck, Fange (Shel Eemend b (hall Ekony
Supports

« Support Conditions are
Roller-Pin-Roller
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Conclusions

* Re-Test shows repeatability of results

» For Virginia Bridge deck deterioration not adversely affecting
structural behavior

» Dynamic Testing is extremely helpful in validating bearing
condition of a bridge, and, in the case of the California
bridge, improving the load rating

« Dynamic testing can be performed without lane closures if
conditions require

’ Long-Term
Bridge Performance
Program



Quasi-Static Test Plan
. Looking in Direction of Traffic
Typlcal Load ooking in Direction

Application B et

1. Maximize loading on Girder 1 and
Girder 2.

2. Maximize loading in Girder 3 given
the placement of Run 4 in the center

ofthe traffic lane. -é- j!: %‘. ';‘ 1=
v _ I -~ 5 g :
L e e S e e : E-% :
. TI’UC[( t_ype ., . - e 3. Run 7 centers a truck in the left hand [l_\: N :,—q
varies - | e 1
. S

. stricti
Bridge Performance S

4. Maximize loading on Girder & while
’ Long-Term observing the required traffic control
'1“ Program




Finite Element Model
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StrainsScenario D
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Girder MNo.

Displacement (in)

Live Load Test Data Comparison with

0.75

0.65

0.45

Virginia Bridge

DisplacementsScenario D

] —i— FEM
______________ v —— South Span |
—&— North Span |:

Girder MNo.



Virginia Bridge

Visual Inspection:
light red - delaminations
dark red - patches

GPR Condition Map:
yellow - poor
red - serious

’ Long-Term
Bridge Performance
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Finite-Element Model

8 node solid elements

3 degrees of translational freedor S SR |

* Fine mesh
* Low aspect ratio
- 1ft longitudinal node spacing

* Abutment/Pier supports modelec
as springs

» Post-tensioning strands modelec
as tendons

’ Long-Term
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Federal Highway Administration
Long-Term Bridge Performance

Program
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Long-Term

Pilot Phase —
Long Term Monitoring

Marvin Halling, Utah State University
Paul Barr, Utah State University

Tommy Cousins, Virginia Tech

Carin Roberts-Wollmann, Virginia Tech
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High Priority Performance Issues

Michael C. Brown, Ph.D., PE.
Virginia Center for Transportation Innovation & Research
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Focus Groups - Participating State DOTs

B Completed




Observations: Bridge Performance Issues

 Decks:
« Cracking
« Delaminations and spalling
* Pot holes
« Fatigue cracks
» Weathering and rot
+ Leaking or failed joints

e Superstructures:
« Cracking
« Corrosion
« Deterioration of paint systems
« Girder end deterioration
« Steel fatigue
« Box girder hinges
 Joint deterioration
* Impact of girders and railings
« Concrete pop-outs due to freezing

’ Long-Term
Bridge Performance
Program

Substructures:

« Scour

« Cracking

« Corrosion, spalling and delamination
* ASR

« Seismic

« Bearing pedestals deterioration

* Frozen, misaligned or failed bearings

Functionalities:

« Serviceability issues

 High traffic loads and volumes

* Low load ratings

 Bridge width not matching road width
* Inadequate vertical clearance

« Drainage, impact damage



Example:

Data Types and
Priorities vs Studies

Concrete Superstructure

Environmental Data

Long-Term
Bridge Performance
Program

Load testing

Strain measurements
Deflection measurements
Differential deformation
Camber loss or growth
Delamination

Cracks

Temperature

Relative Humidity
Precipitation - Rainfall
Precipitation - Snowfall
Freeze-Thaw

Marine environment

Air quality - Industrial pollutants
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lllustrative Example

Guiding questions related to deck performance...

Intra-cluster

 What is the influence of various deck protective systems on deck
performance?

 What is the influence of ADTT on deck performance

« What is the influence of structural form (skew, span length) on deck
performance

Inter-cluster

« What is the influence of environmental influences on deck
rformance?

Long-Term

. hataistheinfluence of maintenance practices on deck performance

Program
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Reference and Cluster Bridge Concept
Franklin Moon, PhD

Intelligent Infrastructure Systems, LLC
Drexel University
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Non-Technical Challenge: U

= e -
-|.- e
e

certainty, uncertainty,

uncertainty

*Breadth versus Depth? Is there a
minimum threshold required for
meaningful results?

*What funding will be available? What
future constraints will need to be
addressed?

* Will near-term or mid-term technology
improvements mitigate this challenge?

’ Long-Term
Bridge Performance
Program

* Scalability — amenable to expansion and
contraction

°Flexibility — depth and frequency of data
collection efforts, use of technology

°Continuous, Vigilant Assessment —
development of rigorous feedback
mechanisms to enable course-
corrections/refinements



° 1 to 2 bridges

* Representative of the most common inputs and attributes of selected bridge
type

* Rendered completely transparent through the application of the state of the art
assessment and monitoring approaches

* 25 to 30 bridges

* Selected to allow the investigation of various input and attribute influences on
performance

* Performance tracked through targeted use of technology and enhanced visual
inspection procedures

250 to 500 bridges
Selected to provide context, assess variability, and ensure that the cluster

’ Lbridges are representative
ﬂ“ Bpgtfermiatice tracked through standard element-level inspection

Program



Reference Bridge

Impact Echo
GPR

i I.f 4
Ultrasonic / e

Seismjﬁgﬁf“"i > N7 | A R Rorosity
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Vlsual Inspectmn g 5 o B _ Target Technology
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Tools,,

Comparlson Reference VS. Cluster

Influences of Inputs: Traffic 0 i« RS -O’Referehce‘gridge
_Influences.of Attributes: Materials, Protective Systems, O Slictar bridgés

Structural Form/Complexity, etc.
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Vlsuhl Inspectlon
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Multiple Clusters of Similar Bridges

® Cluster of Bridge Type

Comparison: (
I Influences o

Maintenance Pngctiee et
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Approximate
Scale: 3000 mi
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Multiple Clusters of Different Bridge Types

® Cluster of Bridge Type
Q)
Cluster of Bridge Type
d .

Comparison;.
Establish relati mance controlling for local
maintenance, etc.

Approximate

Scale: 3000 mi <«
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